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The	  acceptance	  in	  	  of	  all	  ALICE	  subdetectors	  

C	   A	  

Mean	  number	  of	  track	  
(V0E)	  

shown in Table. 3.1. However, numbers of reconstructed track of MC results show narrower

distributions than ALICE experimental data, that the mean multiplicity is less in the Monte-

Carlo than in experimental data. The systematic uncertainties are defined as:

∆Asystematic error = |ABit5 −ABit4| (3.12)

Table 3.1: ALICE experimental data, mean number of track with three different track cuts.

Exp.V0A.Event, Mean Track Hyb Bit4 Bit5
1Low Mult 3.78 3.27 3.00
2Low Mult 5.66 5.00 4.55
Mid Mult 10.87 9.80 8.83
1High Mult 18.69 17.03 15.27
2High Mult 23.04 21.14 18.87

Exp.V0C.Event, Mean Track Hyb Bit4 Bit5
1Low Mult 3.63 3.13 2.87
2Low Mult 5.48 4.84 4.41
Mid Mult 11.06 9.97 8.99
1High Mult 20.19 18.35 16.45
2High Mult 25.35 23.11 20.65

Exp.TPC.Event, Mean Track Hyb Bit4 Bit5
1Low Mult 1.53 1.45 1.26
2Low Mult 4.32 3.91 3.53
Mid Mult 12.24 10.93 9.89
1High Mult 27.32 24.23 21.99
2High Mult 39.13 34.55 31.42

Exp.V0E.Event, Mean Track Hyb Bit4 Bit5
1Low Mult 3.44 2.95 2.72
2Low Mult 5.35 4.72 4.30
Mid Mult 11.07 9.98 9.00
1High Mult 20.63 18.78 16.84
2High Mult 26.53 24.29 21.68

956

52
2-‐rings	  selecAon	  in	  V0	  
to	  make	  the	  trigger	  acceptance	  symmetric.	  
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Default	  

è	  The	  symmetric	  V0	  	  acceptance	  for	  event	  mulAplicity(event	  acAvity	  or	  centrality)	  	  
definiAon	  is	  important	  to	  reduce	  the	  asymmetry	  in	  η	  distribuAon.	  
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Defini#on	  of	  two-‐par#cle	  correla#on	  
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Ridge	  in	  Δϕ≈0	  
Due	  to	  the	  combinatorial	  mixing	  back	  ground	  (C=S/M),	  	  
-‐	  uncorrelated	  parts	  increase	  with	  higher	  mulAplicity.	  
-‐	  Near	  side	  jets	  in	  (Δϕ,	  Δη)≈(0,0)	  reduce	  with	  higher	  mulAplicity.	  
-‐	  Away	  side	  jets	  in	  Δϕ≈π	  are	  almost	  constant	  with	  mulAplicity	  dependence.	  
-‐	  The	  ridge	  structure	  in	  Δϕ≈0	  in	  the	  highest	  mulAplicity.	  
è	  The	  shape	  study.	  
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1≤pTTrig<4	  Gev/c	  
1≤pTAssoc<4	  Gev/c	  
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PYTHIA	  

X	  

Projec#on	  of	  Δϕ	  and	  Δη	  	  of	  Renormalized	  Correla#on	  func#ons	  
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The	  ra#o	  of	  C(Δϕ)	  to	  	  F(Δϕ)	  	  
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TPC-‐TPC	  correla#on,	  1.5≤	  |Δη|<1.8	  	  

-‐	  p2	  parameter	  is	  the	  amplitude	  of	  the	  2nd	  order	  oscillaAon	  

è Ellip#c	  shape	  

1≤pTTrig<4	  Gev/c	  
1≤pTAssoc<4	  Gev/c	  
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12	  

TPC-‐V0	  correla#on,	  1.8	  <	  |Δη|	  <	  4.8	  	  

è Ellip#c	  shape	  shown	  up	  to	  |Δη|~4.8.	  

-‐	  p2	  parameter	  is	  the	  amplitude	  of	  the	  2nd	  order	  oscillaAon	  
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V0-‐V0	  correla#on,	  5.5	  <	  |Δη|	  <	  7.6	  	  

è Ellip#c	  shape	  shown	  up	  to	  |Δη|~7.6.	  

-‐	  p2	  parameter	  is	  the	  amplitude	  of	  the	  2nd	  order	  oscillaAon	  
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è Ellip#c	  shape	  in	  1.8	  <|Δη|	  <	  4.8	  

Summary	  1.1	  
	  The	  shape	  study	  of	  C(Δϕ)	  	  

TPC-‐TPC	  correla#on	   TPC-‐V0	  correla#on	  
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Summary	  1.2	  
The	  extracAon	  of	  p2short	  and	  p2long	  	  

1.1.	  v2	  ~	  7.4±1.8	  %	  
	   	  	  ~	  √p2	  

1.2.	  Consistent	  v2	  measurements	  (relaAve	  v2	  
evoluAon	  in	  p2	  parameter)	  with	  very	  different	  rapidity	  
gap	  cuts.	  

	  è	  p2short	  ≈	  p2long	  	  
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Possible	  explanaAon	  of	  ridge	  

17	  

1.  Hydrodynamic	  flow	   	   	   	   	   	  èthe	  posiAon	  of	  ridge	  	  free	  from	  jet	  in	  Δϕ.	  	  	  
PRL	  106	  (2011)	  122004	  

-‐>	  Due	  to	  fixed	  trigger	  parAcle	  in	  analysis	  method,	  
	  the	  posiAon	  of	  ridge	  is	  located	  in	  Δϕ≈0.	  
-‐>EPOS	  may	  describe	  ridge	  in	  pp	  collisions	  in	  intermediate	  pT.	  
But	  the	  2-‐D	  shape	  is	  sAll	  different	  with	  experimental	  result.	  	  	  
	  

2.  Color	  Glasma	  Condensate	  (CGC) 	   	  èthe	  posiAon	  of	  ridge	  	  free	  from	  jet	  in	  Δϕ.	  	  	  
Phys.Leu.B697,21(2011)	  
arXiv:1211.3327	  

-‐>	  We	  do	  not	  know.	  
	  
	  
	  
	  
	  

3.  Jet-‐induced	  ridge 	   	   	   	   	  èthe	  posiAon	  of	  ridge	  depend	  on	  jet	  in	  Δϕ.	  	  
PRC	  84,024901,2011	  
PRC	  83,024911,2011	  

-‐>the	  ridge	  should	  depend	  on	  high	  pT.	  

4.  MPI	  (MulA	  Parton	  InteracAon)	  
-‐>	  arXiv:1203.2048v2	  
-‐>	  very	  weak	  or	  no	  dependence	  of	  mulAplicity	  

arXiv:1211.3327	  

PRL	  106	  (2011)	  122004	  

Radial	  flow	  

X	  

X	  

O

O



è	  Hydrodynamics	  model	  predicts	  a	  ridge	  structure	  in	  Δϕ≈0	  in	  pp	  collisions	  	  in	  intermediate	  pT.	  

18	  

	  2-‐D	  dihadron	  correlaAon	  funcAons	  from	  the	  EPOS	  model	  
	  for	  high	  mulAplicity	  events	  in	  pp	  collisions	  at	  √s	  	  =	  7	  TeV,	  1<	  pT<3	  GeV	  

without	  hydrodynamic	  evolu#on	   with	  hydrodynamic	  evolu#on	  	  

PRL	  106	  (2011)	  122004	  

cut	  off	  the	  	  near	  side	  peak	  
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Conclusion	  
•  MulAplicity	  dependence	  of	  pp	  collisions	  

è	  Two-‐parAcle	  correlaAon	  funcAon	  C(Δϕ)	  in	  √s=7TeV	  pp	  collisions	  at	  LHC-‐ALICE.	  
	  

•  CorrelaAon	  funcAon	  
èObservaAon	  of	  Ridge	  at	  Δϕ≈0	  in	  pp	  collisions	  for	  high	  mulAplicity.	  
èThe	  correlaAon	  funcAons	  con#nuously	  change	  with	  mulAplicity.	  
èJet	  shapes	  are	  different	  with	  mulAplicity.	  
èellipAc	  parameter	  p2short	  and	  p2long.	  
èv2~7.4%	  

•  MC(PYTHIA)	  cannot	  explain	  the	  experimental	  result.	  
èHydrodynamics	  (EPOS)	  may	  describe	  ridge	  in	  pp	  collisions	  in	  intermediate	  pT.	  

21	  



Back	  up	  
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Pythia	  event	  generator	  	  
-‐  Because	  of	  asymptoAc	  freedom,	  cross	  secAon	  of	  hard	  process	  can	  be	  calculated	  using	  perturbaAon	  

method.	  
-‐  In	  hadron	  collisions,	  hard	  process	  (superposi#on	  	  of	  	  parton	  distribuAon	  funcAon	  (PDFs),	  cross	  

secAon).	  
-‐  High	  mulAplicity	  è	  mulA-‐parton	  interacAon	  (?)	  

The	  data	  at	  7	  TeV	  are	  compared	  to	  models:	  
PHOJET	  (solid	  line),	  	  
PYTHIA	  tunes	  D6T	  (dashed	  line),	  
ATLAS-‐CSC	  (doued	  line)	  and	  	  
Perugia-‐0	  (dash-‐doued	  line).	  
è	  Pythia	  
è	  ATLAS-‐CSC	  is	  close	  to	  the	  data	  at	  high	  mulApliciAes	  
(Nch	  >	  	  25).	  However,	  it	  does	  not	  reproduce	  the	  data	  in	  
the	  intermediate	  mulAplicity	  region	  (8	  <	  Nch	  <	  	  25).	  

èPythia	  can	  not	  represent	  the	  pp	  collisions.	  	  

23	  

the	  raAos	  between	  the	  measured	  values	  and	  model	  

Eur.Phys.J.C68:345-‐354,2010	  

Charged	  ParAcle	  MulAplicity	  DistribuAon	  



PRL	  106	  (2011)	  122004	  

arXiv:1306.0121	  

Explana#on	  of	  Collec#ve	  Behavior	  
	  of	  Parton	  by	  EPOS	  

	  -‐global	  event	  generator	  
	   	  mean	  suggests	  both	  pp	  and	  heavy	  ion	  collisions	  	  
	   	  are	  treated	  using	  the	  same	  physics.	  
	  -‐MC	  event	  generator	  for	  minimum	  bias	  hadronic	  interacAons.	  
	  -‐the	  collecAve	  hadronizaAon	  in	  p-‐p	  scauering.	  

the	  effect	  of	  the	  corrected	  flow	  on	  the	  tail	  of	  the	  distribuAon	  
EPOS	  LHC	  (solid	  line),	  the	  tail	  is	  well	  reproduced	  event	  with	  core	  
formaAon.	  

MulAplicity	  distribuAon	  of	  charged	  parAcles	  	  
with	  pt	  >	  200	  MeV	  and	  |η|	  <	  	  2.	  5	  
for	  p-‐p	  	  interacAons	  at	  7	  TeV	  from	  ATLAS.	  	  

core	  

corona	  

24	   èEPOS	  beoer	  explain	  pp	  collisions	  than	  Pythia	  

In	  	  EPOS	  1.99	  (dashed	  line)	  for	  the	  events	  with	  a	  large	  mulAplicity,	  	  
the	  flow	  effect	  was	  strong	  and	  was	  reducing	  the	  total	  number	  of	  parAcles	  
suppressing	  events	  with	  large	  mulApliciAes.	  

Without	  core	  formaAon	  in	  EPOS	  1.99	  (dash-‐doued	  line),	  	  
the	  results	  were	  already	  reasonable.	  

The	  hydrodynamic	  approach,	  
model	  of	  	  EPOS	  1.99	  or	  EPOS	  LHCè	  	  	  	  



Number	  of	  track	  and	  number	  of	  pair	  
-‐	  example	  V0E	  event	  esAmator	  
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	  AliESDtrackCuts::GetStandardITSTPCTrackCuts2011(kFALSE);	  
-‐	  SetName(“Global	  Hybrid	  tracks,	  loose	  DCA”);	  
-‐	  SetMaxDCAToVertexXY(2.4);	  
-‐	  SetMaxDCAToVertexZ(3.2);	  
-‐	  SetDCAToVertex2D(kTRUE);	  
-‐	  SetMaxChi2TPCConstrainedGlobal(36);	  
-‐	  SetMaxFracAonSharedTPCClusters(0.4);	  
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Hybrid	  track	  (more	  loose):	  vertex	  +	  TPC 
	  -‐	  IsHybridGlobalConstrainedGlobal	  

Global	  track	  loose	  DCA	  (loose,	  Bit	  4	  ):	  global	  track	  cut 
	  -‐	  kTrkGlobalNoDCA	  

Global	  track	  (def.,	  Bit	  5):	  Hybrid	  track	  +	  SPD	  track	  cut 
	  -‐	  kTrkGlobal 
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TPC-‐TPC	  correla#on,	  1.5≤	  |Δη|<1.8	  	  
PYTHIA	  

Mul#plicity	  dependence	  of	  the	  ra#o	  R(Δϕ)	  
	  (=C(Δϕ)/F(Δϕ))	  	  
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Associated	  par#cle	  yield	  per	  trigger	  	  

X
Due	  to	  the	  combinatorial	  mixing	  back	  ground,	  
	  background	  increase	  with	  higher	  mulAplicity	  and	  jet	  size	  	  increase.	  
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background	  

PYTHIA	  



EllipAc	  flow	   Triangular	  flow	  
Two-‐ParAcle	  correlaAon	  :	  

(ϕ2-‐Ψ2)	  –(ϕ1-‐Ψ2)	  =	  ϕ2-‐ϕ1	  
	   	   	  	  	  	  	  =	  Δϕ	  

	  

Fourier:	  

A	  fi�ng	  funcAon	  F(Δϕ)	  	  and	  the	  raAo	  of	  C(Δϕ)	  to	  F(Δϕ)	  	  
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QGP	  
Quark	  gluon	  plasma	  
(asymptoAcally	  free	  quarks	  and	  gluons)	  
-‐  about	  10-‐9s	  a�er	  big	  bang	  	  
-‐  Inside	  of	  neutron	  star	  
-‐  Heavy	  ion	  collisions	  experiments	  

Jet	  

photons	  

color	  glass	  condensate	  

29	  


